Experimental proof of the mosquito-malaria theory. 1900. by Manson, Patrick
YALE JOURNAL OF BIOLOGY AND MEDICINE 75 (2002), pp.107-112.
Copyright X) 2002. All rights reserved.
CLASSICS OF BIOLOGY AND MEDICINE
THE MOSQUITO-MALARIA THEORY -11
Experimental Proof of
The Mosquito-MalariaTheorya
Patrick Manson, C.M.G., LL.D., M.D., F.R.S.
Medical Adviser to the Colonial Office; Lecturer, London School ofTropical Medicine
Although the theory that the malaria
parasite is transmitted from man to manby
particular species of mosquito is now
accepted by all biologists and medical men
who have given adequate attention to the
subject, it cannot be said that the general
public (including those Europeans who in
malarious countries might benefit by the
practical application of the theory) unre-
servedly believe in, much less practically
apply it. Endless objections, the outcome
ofan imperfect acquaintance with the sub-
ject and, perhaps, of a disinclination to
admit that a pathological puzzle of so
many centuries standing could receive so
simple anexplanation, have beenraised by
the amateur biologist and sanitarian, so
much so thatit seemed notimprobable that
a great principle, pregnant with important
issues, might remain barren and
unutilised.
Impressed with this fear, and being
anxious to see some fruit from a theory
which I knew to be true and for which I
was in a measure responsible, I cast about
for means by which the conversion and co-
operation ofthe public might be secured. I
felt that unless the public believed in the
efficiency ofthe sanitary measures so def-
initely indicated by the mosquito-malaria
theory, and, understood the principles on
which these measures should be founded,
they would not adopt them nor, what is so
necessary to the success of all such mea-
sures, co-operate heartily in carrying them
out. As the histological, biological, and
experimental evidence which had satisfied
men of science was not understood by the
public, it seemed to me that some simple
demonstration, such as would be unan-
swerable and at the same time readily
comprehended by laymen, was required.
Grassi in conjunction with Bignami
had succeeded in conveying malaria by
mosquito bite. Although these experi-
menters took every care to exclude fallacy,
the fact that the experiments were made in
Rome, itself of fever repute and in the
middle ofahighly-malarial district, had an
undoubted influence in preventing due
appreciation by the public of the conclu-
sive nature of their work. Furthermore,
things occurring at a distance and in a
strange land do not appeal so strongly as
do things happening in our midst. It
occurred to me, therefore, that if I repeat-
ed Grassi and Bignami's experiments in a
more dramatic and crucial manner, that ifI
fed laboratory-reared mosquitos on a
malarial patient in a distant country and
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Figure 1 Ventilated box for forwarding
mosquitos.
Figure 2. Case for mosquitos.
subsequently carried the mosquitos to the
centre of London, and there set them to
bite some healthy individual free from any
suspicion of being malarial, and if this
individual within a short period of being
bitten developed malarial fever and
showed in his blood the characteristic par-
asite, the conclusion that malaria is con-
veyed by the mosquito would be evident to
every understanding, and could not possi-
bly be evaded.
It also occurred to me that if a certain
number of Europeans who had never suf-
fered from malaria kept in good health and
free from malaria during an entire malari-
al season in an intensely malarial locality,
where all inhabitants and visitors suffered
from malaria, and ifthey kept well without
the use of quinine or other medicinal pro-
phylactic, simply by avoiding mosquito
bite, the above conclusion would be accen-
tuated; and, also, that if this immunity
were attained by inexpensive means
means which did not interfere seriously
with comfort, pleasure, or business - the
mosquito-malaria theory would not only
be proved to the satisfaction of the public,
but the public would be willing to accept
the sanitary measures which the theory
and experiments indicated.
After having obtained promises of
support from the Colonial Office and from
the London School of Tropical Medicine,
and having secured volunteers for the
experiments, still further to accentuate my
object and to arrest the attention of those
principally interested, I publicly
announced in a popular lecture at the
Colonial Institute that the above experi-
ments were about to be undertaken, and
with the same object in view I ventured to
forecast their issue.
EXPERIMENT I - LONDON
Drs. Bignami and Bastianelli very
kindly undertook to send me relays of
infected mosquitos from Rome. I have to
thank these gentlemen for the great care
exercised in this somewhat responsible
matter. Every case of malaria coming to a
general hospital is not suitable for experi-
ment. To have sent mosquitos infected
with malignant tertian parasites might
have endangered the life of the subject of
the experiment; and quartan-infected
insects might have conferred a type ofdis-
ease which, though notendangering life, is
extremely difficult to eradicate. The cases,Manson: Mosquito-malaria connection 109
therefore, on which the experimental
insects were fed, had to be examples of
pure, benign tertian - a type of case not
readily met with in Rome during the
height of the malarial season; the absolute
purity ofthe infection could be ascertained
only by repeated and careful microscopic
examination ofthe blood ofthe patient.
When the insects had fed, Dr. L.
Sambon, who had gone to Rome on
Experiment No. 2, placed them in small
cylindrical cages made of mosquito net-
ting stretched on a wire frame (Figure 2).
Four such cylinders were packed in a well
ventilated box (Figure 1) and forwarded to
the London School of Tropical Medicine
through the British Embassy in Rome. The
box was 9 inches in depth and 81¼ inches
on the sides. The wire openings were 3
inches square on each side. The cages
were each 81/4 inches in length and 31/2
inches in diameter. By the courtesy of the
Postmaster-General they came forward by
the Indian mail so that they arrived in
London some 48 hours after leaving
Rome. A good many ofthe mosquitos died
on the journey or soon after arrival; a fair
proportion survived and appeared to be
healthy and vigorous. We are indebted to
Dr. Sambon for the method employed of
caging mosquitos. Future experimenters
will find it very useful. To infect the insect
or to become infected by them, the exper-
imenter has merely to place his hand in the
cage after carefully untying the netting at
one end or, better, by laying the closed
cage on his damped hand (Figure 2).
NOTES OF EXPERIMENT.
By F? Thurburn Manson,
Guy's Hospital.
I am 23 years of age, was born in China,
but have lived in this country since I was 3;
have never been abroad since, nor in any dis-
trict in this country reputed to be malarial. I
am healthy.
The first consignment of mosquitos
arrived at the London School of Tropical
Medicine on July 5th. Only some half-dozen
had survived the journey. They were in a lan-
guid condition, and would not feed satisfacto-
rily. One may have bitten me. By July 7th
they were all dead. The second consignment
arrived onAugust 29th. They had been infect-
ed in Rome on August 17th, 20th, and 23rd,
by being fed upon a patient with a double
benign tertian infection. The patient was
reported to have had numerous parasites,
including many gametes, in his blood. On
arrival twelve insects were lively and healthy-
looking. I fed five of them on August 20th,
three on August 31st, one on September 2nd,
and one on September 4th. They bit my fin-
gers and hands readily. The bites were fol-
lowed by a considerable amount of irritation,
which persisted for two days.
The third consignment arrived on
September 10th. They had been fed in Rome
on September 6th and 7th on a patient suffer-
ing from a simple tertian infection, but with
very few parasites in his blood. There were
some 50 to 60 mosquitos in good condition.
Twenty-five bit me on September 10th, and
10 on September 12th.
Up till September 13th I had been perfect-
ly well. On the morning of the 13th I rose
feeling languid and out of sorts with a tem-
perature of 99°F. By midday I was feeling
chilly and inclined to yawn. At 4:30 P.M. I
went to bed with severe headache, sensation
of chilliness, lassitude, pains in the back and
bones, and a temperature of 101.4°. Repeated
examinations failed to discover any malarial
parasites in my blood.
September 14th: I slept fairly well but
woke at 3 A.M. with slight sweating and a
temperature of 1010. During the day my tem-
perature ranged between 1010 and 1020. The
symptoms ofSeptember 13th were exaggerat-
ed and anorexia was complete. Several exam-
inations of the blood were made again with
negative result. To relieve headache 10 grs. of
phenacetin were given at 6 P.M. I perspired
profusely but slept indifferently.
September 15th: Woke at 7 A.M. feeling
distinctly better, with atemperature of 100.40.110 Manson: Mosquito-malaria connection
No malaria parasites were discovered on
repeated examinations of my blood by my
father. About 2 P.M. I commenced to feel
slightly chilly; this soon wore off, and I
became hot and restless. By 4:30 P.M. tem-
perature was 103.60. It remained about 103°
till 9 P.M., when profuse sweating set in. I am
told there was some delirium.
September 16: I woke at 8 A.M. feeling
quite well; temperature 98.40. I made several
blood examinations and found one doubtful
half-grown tertian parasite. In the afternoon
and evening there was a recurrence of fever
(temperature 102.80), relieved by sweating.
September 17th: Again felt quite well on
waking after agood night's sleep; temperature
99°. At 10A.M. several half-grown parasites,
a gamete, and two pigmented leucocytes were
discovered in the first blood film examined.
During the day many tertian parasites were
found. Their presence was verified by my
father, Dr. Frederick Taylor, Lieutenant-
Colonel Oswald Baker, I.M.S., Dr. Galloway,
Mr. Watson Cheyne, F.R.S., and Mr. James
Cantlie, some of whom saw the films pre-
pared.
About 2 P.M. the sensation of chilliness
returned. Temperature 101.80. By 5 P.M. tem-
perature had reached 103°. There was then
copious sweating. The edge of the spleen
could be felt on deep inspiration, and there
was a slight feeling of discomfort in the
region ofthatorgan. Dr. FrederickTaylor and
Mr. Watson Cheyne confirmed the presence
of splenic enlargement. By 9 P.M. the tem-
perature had fallen to 99.2°, and I was feeling
better. Quinine (10 grs.) was given.
September 18th: Woke after a good night
feeling perfectly well (temperature 97°). Ten
grains ofquinine were taken, and subsequent-
ly five grains every eight hours. I continued
perfectly well all day. A few three-quarter
grown tertian parasites and some gametes
were found during the forenoon and after-
noon; they were seen by Dr. Oswald Browne,
my father, and myself. At 10 P.M. the para-
sites had disappeared, the last being found at
5 P.M.
September 19th: No parasites discovered.
Temperature normal. Feeling quite well.
There is no splenic enlargement, and no ten-
derness. Appetite returned.
September 25th: In good health. No
recurrence ofmalarial symptoms.
EXPERIMENT 11
THE ROMAN CAMPAGNA
A wooden hut, constructed in
England, was shipped to Italy and erected
in the Roman Campagna at a spot ascer-
tained by Dr. L. Sambon, after careful
inquiry, to be intensely malarial, where the
permanent inhabitants all suffer from
malarial cachexia, and where the field
labourers who come from healthy parts of
Italy to reap the harvest after a short time
all contract fever. This fever-haunted spot
is in the King of Italy's hunting ground
near Ostia, at the mouth of the Tiber. It is
waterlogged and jungly, and teems with
insect life.
The only protection against mosquito
bite and fever employed by the experi-
menters who occupied this hut was mos-
quito netting, wire screens in doors and
windows, and, by way ofextra precaution,
mosquito nets around their beds. Not a
grain of quinine was taken. Drs. Sambon
and Low, Signor Terzi, and their two
Italian servants, entered on residence in
the hut early in July. They go about the
country quite freely always, of course,
with an eye on Anopheles - during the
day, but are careful to be indoors from sun-
set to sunrise. Up to September 21st, the
date of Dr. Sambon's last letter to me, the
experimenters and their servants had
enjoyed perfect health, in marked contrast
to their neighbours, who were all of them
either ill with fever or had suffered malar-
ial attacks.
For the present I content myself with
announcing this result. Complete details of
their experiences will doubtless be made
public by Drs. Sambon and Low at the ter-Manson: Mosquito-malaria connection
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mination of the malarial season, and of
their experiment, at the end of October.
Suffice it to say that these gentlemen
express themselves as satisfied thatprotec-
tion from mosquito bite protects from
malaria, and that protection from mosqui-
to bite is perfectly compatible with active
outdoor occupation during the day.
APPLICATION OFTHE
EXPERIMENTS
It remains for the public to apply the
lesson taught by these experiments. Will
this be done? Already I have heard objec-
tions and difficulties mooted. I saw it
advanced recently that it is impossible to
avoid mosquito bite in the tropics, and that
it was useless trying to do so. One has
sometimes to go out in the evening; a doc-
tor, for example, must visit his patient at
any hour. This is quite true; but surely
because we cannot escape a risk we alto-
gether this is no reason why we should not
try to minimise it. Dr. Daniels, who has
recently returned from British Central
Africa, tells me that not one mosquito in a
thousand in that country carries malarial
zygotes, that is to say, is infective. Ifa man
exposes himself therefore in British
Central Africa to mosquito bite habitually,
so that he gets bitten say ten times every
night, the chances are that he is effectually
inoculated with malaria some four times a
year; but if the same man systematically
protected himselffrom mosquito bite, and,
in consequence of his care reduced the
chances of being bitten to once a month,
he might be a hundred years in British
Central Africa before he became infected.
This minimising of risk is certainly worth
striving for.
The question of expense cannot for a
moment be entertained in discussing the
means for protection. One life saved one
invaliding obviated, would, even in apecu-
niary sense: Pay for all the wire gauze and
mosquito netting requisite to protect every
European house in West Africa.
These experiments, together with the
work of Ross, Grassi, Celli, Bignami,
Bastianelli, and other Italians, the recent
observations on native malaria by Koch,
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Commission of the Royal Society and
Colonial Office, plainly indicate that the
practical solution of the malaria problem
lies in:
1. Avoiding the neighbourhood of
native houses - the perennial
source of malaria parasites.
2. The destruction, so far as practica-
ble, ofAnopheles' breeding pools.
3. And principally: Protection from
mosquito bite.